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ABSTRACT
We report a covalent functionalization of graphene nanoparticles (GnPs) employing 2,3,4-Tri-O-acetyl-&#946;-D-xylopyranosyl azide followed by fabrication of an epoxy/functionalized graphene nanocomposite and its thermo-mechanical performance evaluation. Successful functionalization of GnP was confirmed via TGA and XPS study. Raman spectroscopy indicated that the functionalization was on the edge of graphene sheets as the basal plane was not perturbed as a result of the functionalization. Epoxy/functionalized GnP composite system produced an increase in the flexural modulus (~18%) and glass transition temperature (~10C) compared to an un-functionalized GnP based epoxy composite.
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Introduction
Graphene, a one atom thick, 2D lattice of sp 2 -bonded carbon atoms [1] [2] [3] , has received significant attention from researchers over the world owing to its excellent optical, mechanical and electrical properties [4] [5] [6] [7] [8] [9] . Graphene sheets are held together by van dar Waals force of attraction. However the inherent tendency towards restacking limits their applications.
Incorporation of polar groups such as carboxyl, hydroxyl via covalent/non-covalent functionalization approach might be a fruitful method to achieve stable dispersion of graphene sheets in a polymer. 
Functionalization of GnP using Sugar Azide
A weighed amount of GnP was mixed with 1,1,2,2-tetrachloroethane (TCE) and the mixture was functionalized GnP (SAMG-I). SAMG-I was mixed with ethanol (EtOH) followed by addition of NaOMe (30%) in MeOH. The reaction mixture was stirred under nitrogen for 24 hours at room temperature and then was slowly transferred into distilled water drop by drop. The basic mixture was then neutralized with a few drops of HCl (37%). The deacylated product was then filtered on 0.22µm teflon membrane and repeatedly washed with distilled water and EtOAc. Finally, the (SAMG) was dried at 50 °C under vacuum overnight.
Fabrication of Epoxy/GnP composite
Epoxy was mixed with SAMG using a Flack-tek speed mixer for 2 mins at 2500 rpm followed by ultrasonication for 30 mins at 60 watts. The solution was degassed in vacuum for 5 mins.
MPDA was added to the mixture and again mixed using a Flack-tek speed mixer for 2 mins at 
Measurements
Raman spectra were recorded in the range of 500 to 3500 cm -1 in a LabRAM ARAMIS confocal
Raman Microscope using a He-Cd laser beam with a wave length of 532 nm. X-ray photo electron spectroscopy (XPS) was performed with a Perkin Elmer Phi 5600 ESCA (Kratos Analytical Ltd, UK), using an unmonochromatized Mg-Kα Xray source at a take-off angle of 
Proposed Mechanism
Sugar azide (SA), a highly reactive substance, forms nitrenes by thermal or photocatalytic decomposition. The in-situ formed nitrenes react with the double bonds at the edges of GnP to form the azide adduct. Finally, the -OAc groups were hydrolyzed to form hydroxyl terminated azide modified GnP (SAMG). The pathway of SAMG formation has been shown in Scheme 1. However, C-1s XPS patterns of SAMG have been deconvoluted into four different peaks.
Results and
Appearance of two new peaks at 285.6 and 286.5eV has been assigned to C-N and C-OH groups, respectively. The N-1s spectrum of SAMG is shown in the inset of Fig. 1b . The well-defined peaks at 398.9 and 401.7 eV clearly suggest the existence of bonded nitrogen in SAMG.
AFM
AFM characterization allows identification of the number of graphene layers. AFM image of SAMG is shown in Fig. 2 . The thickness of SAMG, measured from the height profile of the AFM image, is about 1.45 nm. The thickness of the SAMG sheets was drastically reduced compared to neat GnP (5-7nm) indicating successful exfoliation of graphene layers upon functionalization. However, the height value of SAMG compared to theoretical value of monolayer of graphene is due to i) the presence of the oxygenated moiety as a result of functionalization and ii) the resulting few layers (4-5) of graphene.
TGA
TGA thermograms of GnP and SAMG has been shown in Fig. 3 
Raman Spectroscopy
Raman spectroscopic analysis is an important tool to define the quality of graphene. Figs. 4a and   4b show the Raman spectra of GnP and SAMG, respectively. The Raman spectrum of GnP has the characteristic D band at 1352 cm -1 (the breathing mode of C-sp 2 atoms in the rings and is related to the disorder within the structure) and a G band at 1572 cm -1 (the in-plane bond stretching motion of C-sp 2 atoms) [16] [17] [18] [19] . However, Raman spectrum of SAMG (Fig. 4b) showed an increment in I D :I G ratio from 0.54 to 0.77 attributed to the enhancement in defect concentration due to functionalization, i.e., conversion of π-bonded C-sp 2 carbons to C-sp 3 ones.
Moreover, the higher I D /I G ratio signifies a higher degree of covalent functionalization [20] .
However, the shape of 'G' band at 1579 cm -1 was observed to be sharp suggesting that the functionalization occurred at the edges without disrupting the basal plane of GnP.
SEM
SEM micrographs of neat GnP and SAMG are shown in Figs. 5a and 5b. The surface of GnP was smooth and clean (Fig. 5a ). However, extensive functionalization did not affect the basal plane or the flaky structure of GnP. but, the surface of SAMG became rough and wavy after functionalization (Fig. 5b) .
Thermo-mechanical Performance of Epoxy/SAMG Composite
TGA
The thermal stability of neat Epoxy and its nanocomposites is shown in 
DMA
The variation of loss tangent (Tanδ) as a function of temperature is shown in Fig. 7 . Tanδ is the ratio of the loss modulus to the storage modulus and is very sensitive to structural transformations. Tanδ for neat Epoxy appears at 153. The details of thermal stability and Tg's of neat Epoxy and nanocomposites have been summarized in Table 1 .
SEM
Fractured surfaces (from flexural tests) of neat epoxy and epoxy nanocomposites were investigated by SEM and the micrographs are presented in in Figs. 8 (a-d) . The fracture surfaces of neat Epoxy were smooth and clean (Fig. 8a) . Epoxy/GnP nanocomposite displayed the clear formation GnP aggregates. The aggregates were very poorly distributed in the matrix which was responsible for its poor thermal and mechanical properties (Fig. 8b) . On the other hand, functionalization caused a more homogeneous distribution of SAMGs throughout the matrix (Fig. 8c) ; High magnification SEM image of Epoxy/SAMG nanocomposite (Fig. 8d) further showed that the wavy SAMG particles were embedded into the matrix suggesting better wetting and stronger bonding between Epoxy and SAMG which in turn caused an improvement in thermal and mechanical properties to a reasonable extent. 
Flexural Properties
Conclusions
Nitrogen-linked graphene was synthesized using sugar azide via the formation of nitrene as an 
